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1.0 PURPOSE AND SCOPE 
The d e f i n i t i o n  of n a t u r a l  environment d e s i g n  requirements  f o r  
Space Tug miss ions .  
2.0 NATURAL ENVIRONMENT - GENERAL 
The n a t u r a l  environment c r i t e r i a  given i n  t h i s  r e p o r t  a r e  con- 
s i s t e n t  w i th  those s p e c i f i e d  f o r  the Space S h u t t l e  system and w i l l  be 
used f o r  des ign  of the  Space Tug with r e spec t  t o  r a d i a t i o n  atmospheric 
c h a r a c t e r i s t i c s  a t  o r b i t a l  a l t i t u d e s ,  and o t h e r  p e r t i n e n t  n a t u r a l  
environment requirements .  Design va lue  requirements  of  n a t u r a l  environ-  
ment parameters  no t  s p e c i f i c a l l y  def ined i n  t h i s  r e p o r t  w i l l  be obta ined  
from NASA TM X-64587, " T e r r e s t r i a l  Environment (C l ima t i c )  C r i t e r i a  Guide- 
l i n e s  f o r  Use i n  Space Vehicle Development, 1971 Revis ion,"  da ted  May 10, 
1971 [l], and NASA TM X-64627, "Space and P lane ta ry  Environment C r i t e r i a  
Guide l ines  f o r  Use i n  Space Vehicle Development, 1971 Revis ion,"  da ted  
November 15 1972 [ 21 ,  and subsequent addenda t o  those  documents. 
Space Tug w i l l  be s u b j e c t  t o  environmental  f a c t o r s  p e c u l i a r  t o  t h e  Space 
S h u t t l e  dur ing  assembly, checkout,  launch,  and a t t a inmen t  of o r b i t a l  
p o s i t i o n i n g  p r i o r  t o  removal of the Space Tug from the  S h u t t l e  bay; 
t h e r e f o r e ,  app ropr i a t e  S h u t t l e  documents should be consul ted  when the  
Space Tug i s  "cargo" i n  t h e  Space S h u t t l e ,  
The 
Na tu ra l  environmental  d a t a  n o t  given i n  the  above and r equ i r ed  
i n  des ign  o r  miss ion  ana lyses  f o r  t h e  Space Tug w i l l  be reques ted  from 
o r  approved by t h e  MSFC Aerospace Environment Div i s ion  through the 
cognizant  NASA Cont rac t  Representa t ive  p r i o r  t o  use .  
3.0 NEUTRAL ATFDSPHERE - ORBITAL ALTITUDES 
3.1 The Jacch ia  1970 Model Atmosphere w i l l  be used. See Appendix B ,  
NASA TM X-64627 f o r  d e t a i l s .  
3.2 The des ign  s t e a d y - s t a t e  va lues  of the  o r b i t a l  n e u t r a l  atmospheric 
g a s  p r o p e r t i e s  s h a l l  be ca l cu la t ed  us ing  a va lue  of  230 f o r  t he  mean 
10.7 cm s o l a r  flux and a geomagnetic index (a ) of  20.3 w i t h  a l o c a l  time 
of  day of 0900 h r  a s  i n p u t s  t o  the Jacch ia  19 P 0 Model Atmosphere. 
3.3 The dcsigs? short- t ime extreme va lues  of t h e  atmospheric gas pro-  
p e r t i e s  s h a l l  be c a l c u l a t e d  using a va lue  of 230 f o r  the  mean 10.1 cm 
s o l a r  f l u x  and a geomagnetic index (a,) va lue  o f  400, and a l o c a l  time 
of day of 1400 h r  a s  i npu t  t o  the  Jacch ia  1970 Model Atmosphere. These 
o r b i t a l  n e u t r a l  atmospheric gas p rope r ty  va lues  r e p r e s e n t  an e s t ima te  
of  t he  condi t ions  t h a t  may occur f o r  a s h o r t  per iod of time ( 1 2  t o  
36 h r s )  dur ing  an  extremely l a r g e  magnetic storm. 
3.4 Exosphere (37,000 km Geosynchronous O r b i t a l  A l t i t u d e )  - The d a t a  
given i n  Sect ion 2.2.2 of NASA TM X-64627 s h a l l  be used. 
3.5 Short-Period Atmospheric Densi ty  V a r i a t i o n s  f o r  Use i n  Space Tug 
Aerobraking Analyses 
One method f o r  r e t u r n i n g  the  Space Tug from a synchronous o r b i t a l  
a l t i t u d e  t o  the  Space S t a t i o n  o r  S h u t t l e  o r b i t a l  a l t i t u d e  i s  dependent 
no t  on ly  on t h e  atmospheric mass d e n s i t y  a t  some predetermined a l t i t u d e  
between approximately 80 and 120 km, but  a l s o  on a guidance and c o n t r o l  
system which could c o r r e c t  f o r  v a r i a t i o n s  i n  the  d e n s i t y  encountered 
a t  t h e  per igee  a l t i t u d e .  
The aerobraking  maneuver could be accomplished i n  from one t o  
approximately t h i r t y  passes  through t h e  80-120 km a l t i t u d e  r eg ion ,  The 
time between success ive  per igee  pas ses ,  and hence the  l o c a t i o n s  of 
pe r igee ,  i s  v a r i a b l e  and dependent upon t h e  mass d e n s i t y  encountered 
a t  the previous per igee  a l t i t u d e .  
The d e n s i t y  h i s t o r i e s  presented i n  F igure  1 a r e  r e a l i s t i c  condi-  
t i o n s  t h a t  might be encountered du r ing  t h e  aerobraking  maneuvers where 
the  atmosphere may va ry  s i g n i f i c a n t l y  between success ive  pe r igee  loca-  
t i o n s .  These d e n s i t y  h i s t o r i e s  apply on ly  t o  t h e  e q u a t o r i a l  r eg ions  of 
the  e a r t h  between + 2 8 O  l a t i t u d e  and should be used i n  e v a l u a t i n g  t h e  
o p e r a t i o n a l  c a p a b i l i t y  of t he  proposed Space Tug aerobraking  c a p a b i l i t y  
r e l a t i v e  t o  the  a v a i l a b l e  guidance and c o n t r o l  systems. The a b s c i s s a s  
of the  graphs a r e  sca led  so t h a t  t ime,  t = 0,  r e f e r s  t o  the  t ime of  t h e  
i n i t i a l  per igee pass  and the  d e n s i t y  v a l u e s  f o r  a l l  a d d i t i o n a l  passes  
should be determined from t h e  curve us ing  t h e  t ime e lapsed  s i n c e  t h e  
i n i t i a l  per igee pass .  
These da t a  have been developed us ing  a v a i l a b l e  d a t a  sources  and 
models f o r  the s p e c i f i c  a p p l i c a t i o n s  noted above. They should no t  be 
used f o r  genera l ized  i n t e r p r e t a t i o n  a s  a model of  t h e  upper a tmospheric  
d e n s i t y  s t r u c t u r e  f o r  o t h e r  ana lyses  wi thou t  p r i o r  c o n s u l t a t i o n  wi th  
the  o r i g i n a t o r .  
4.0 CHARGED PARTICLES 
The e l e c t r o n  d e n s i t y  va lues  and d a t a  i n  S e c t i o n  2.3 of NASA 
TM X-64627 s h a l l  be used. 
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Figure 1. Atmospheric Density Variations for Space Tug Aerobraking Studies 
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5.0 RADIATION 
, 
255 n.m. 200 n.m. Geo- 
550 I n c l .  Po la r  synchronous 
So la r  Maximum 0.005 0.008 0.024 
Sola r  Minimum 0.008 0.013 0.036 
I n  a d d i t i o n  t o  t h e  fo l lowing ,  use Sec t ion  2.4 of NASA TM X-64627. 
The Space Tug s h a l l  be designed t o  provide necessary  p r o t e c t i o n  t o  
i n s u r e  t h e  s a f e  dosage l i m i t s  of t h e  equipment a r e  no t  exceeded. 
i 
5.1 G a l a c t i c  Cosmic Radia t ion  - G a l a c t i c  cosmic r a d i a t i o n  c o n s i s t s  of  
low i n t e n s i t y ,  extremely h igh  energy charged p a r t i c l e s .  
about 85 percent pro tons ,  13 percent  a lphas ,  and t h e  remainder heav ie r  
n u c l e i ,  bombard t h e  s o l a r  system from a l l  d i r e c t i o n s .  They have 
ene rg ie s  from l o 8  t o  lo1' e l e c t r o n  v o l t s  (ev)  per p a r t i c l e  and a r e  
encountered e s s e n t i a l l y  everywhere i n  space.  The i n t e n s i t y  of t h i s  
environment i n  "free-space ,'I e .g., o u t s i d e  t h e  in f luence  of t he  e a r t h ' s  
magnetic f i e l d ,  i s  r e l a t i v e l y  cons t an t  (.2 t o  .4 p a r t i c l e s  per square 
cent imeter  per s t e r a d i a n  per second) except  du r ing  per iods  of  enhanced 
s o l a r  a c t i v i t y  when the  f luxes  of cosmic r ays  have been observed t o  
decrease due t o  an  inc rease  i n  t h e  s t r e n g t h  of  t h e  i n t e r p l a n e t a r y  
magnetic f i e l d  which a c t s  a s  a s h i e l d  t o  incoming p a r t i c l e s .  Near the  
e a r t h ,  cosmic rays  a r e  s i m i l a r l y  inf luenced  by t h e  e a r t h ' s  magnetic 
f i e l d  r e s u l t i n g  i n  a s p a t i a l  v a r i a t i o n  i n  t h e i r  i n t e n s i t y .  The extreme 
of t h e  g a l a c t i c  cosmic ray  environment i s  a t  sunspot  minimum, The 
environment i s  cons t an t  and may be sca l ed  down t o  24 hours .  See 
Sec t ion  2.4.1 of NASA TM X-64627 f o r  a d d i t i o n a l  d a t a  on t h i s  s u b j e c t .  
These p a r t i c l e s ,  
Est imates  of t he  d a i l y  cosmic ray  dose f o r  t he  v a r i o u s  o r b i t s  
a r e  shown in Table 1. These should be cons idered  i n  t h e  Space Tug 
s t u d i e s .  
5.2 Trapped Radia t ion  - The t rapped r a d i a t i o n  environment w i l l  be 
taken  from most r e c e n t  d a t a  of NASA SP-3024 ( c u r r e n t l y  i n  s i x  volumes) 
or  from the  TRECO computer code a v a i l a b l e  from t h e  Na t iona l  Space 
Science Data Center ,  NASA/Goddard Space F l i g h t  Cen te r ,  and merged wi th  
t r a j e c t o r y  informat ion  t o  f i n d  p a r t i c l e  f l u x e s  and s p e c t r a .  The f l u x e s  
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and s p e c t r a  w i l l  be converted to dose by d a t a  and/or  computer codes 
provided by MSFC/S&E-SSL-NR ( s e e  S e c t i o n  2.4.2 of NASA TM X-64627). 
5.2.1 Near-Earth Environment - The r a d i a t i o n  b e l t s  t rapped near  
t h e  e a r t h  a r e  approximately azimuthal ly  symmetric, w i t h  the  except ion  
of  t h e  South A t l a n t i c  Anomaly where t h e  r a d i a t i o n  b e l t s  reach  t h e i r  
lowest a l t i t u d e .  
ment i n  t h e  anomaly r e g i o n  remains f a i r l y  c o n s t a n t  w i t h  t i m e  a l though 
i t  does f l u c t u a t e  w i t h  s o l a r  a c t i v i t y .  E l e c t r o n s  w i l l  be encountered 
a t  low a l t i t u d e s  i n  t h e  anomaly reg ion  a s  w e l l  a s  i n  t h e  a u r o r a l  zones. 
The n a t u r a l l y  o c c u r r i n g  t rapped r a d i a t i o n  environ-  
5.2.2 Synchronous O r b i t  A l t i t u d e  Environment - The t rapped  
pro ton  environment a t  synchronous o r b i t  a l t i t u d e  i s  of  no d i r e c t  
b i o l o g i c a l  s i g n i f i c a n c e ,  b u t  may cause d e t e r i o r a t i o n  of  m a t e r i a l  s u r -  
f a c e s  over long exposure t imes.  The pro ton  f l u x  a t  t h i s  a l t i t u d e  i s  
composed of o n l y  low energy protons ( less  than  4 M e V )  and i s  on t h e  
o r d e r  of lo5 protonslcm2-sec. 
synchronous a l t i t u d e  i s  c h a r a c t e r i z e d  by v a r i a t i o n s  i n  p a r t i c l e  i n t e n s -  
i t y  of s e v e r a l  o r d e r s  of  magnitude over  per iods  a s  s h o r t  a s  a few hours .  
However , f o r  extended synchronous a l t i t u d e  miss ions ,  a l o c a l  t i m e  
averaged environment can be used, See S e c t i o n  2.4.2.2 of  NASA 
TM X-64627 f o r  a d d i t i o n a l  d a t a .  
The t rapped e l e c t r o n  environment a t  
5 .3  Solar  P a r t i c l e  Events - Solar  p a r t i c l e  e v e n t s  a r e  t h e  emission of  
charged p a r t i c l e s  from d i s t u r b e d  r e g i o n s  on t h e  sun d u r i n g  s o l a r  f l a r e s .  
They a r e  composed of  e n e r g e t i c  protons and a lpha  p a r t i c l e s  t h a t  occur 
s p o r a d i c a l l y  and l a s t  f o r  s e v e r a l  days.  The free-space p a r t i c l e  event  
model t o  be used f o r  Space Tug o r b i t a l  s t u d i e s  i s  g iven  i n  S e c t i o n  
2.4.3.i of HASA .m ii-64627. 
5.4 Radia t ion  Dose L i m i t s  - Table 2 (p. 6 )  l i s t s  t h e  al lowable r a d i a -  
t i o n  l i m i t s  f o r  t h e  f l i g h t  crews t o  be used f o r  a l l  a p p l i c a b l e  program 
c o n s i d e r a t i o n s .  These va lues  a r e  based on informat ion  contained i n  
"Radia t ion  P r o t e c t i o n  Guides and C o n s t r a i n t s  f o r  Space - Mission and 
Vehicle  - Design Studies  Involving Nuclear Systems," a r e p o r t  of t h e  
R a d i o b i o l o g i c a l  Advisory Panel  of t h e  Committee on Space Medicine, 
Space Science Board, Nat iona l  Academy of  Sciences.  The Radiobio logica l  
Advisory Panel ' s  concept o f  a primary r e f e r e n c e  r i s k  i s  adopted and a 
u n i t  r e f e r e n c e  r i s k  i s  considered acceptab le  f o r  t h e  s u b j e c t  manned 
space  f l i g h t  programs. 
6.0 METEOROID 
The Space Tug s h a l l  be designed f o r  a t  l e a s t  a 0.95 p r o b a b i l i t y  
o f  n o p u n c t u r e d u r i n g  t h e  maximum t o t a l  t i m e  i n  o r b i t  us ing  t h e  meteo- 
r o i d  model def ined  i n  S e c t i o n  2.5.1 of NASA TM X-64627. 
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6 . 1  Meteoroid Impact - Space Tug meteoroid impact requirements  s h a l l  
be a s  s p e c i f i e d  below: 
(REM) 
C o n s t r a i n t s  i n  Bone Marrow Skin  Eye 
REM ( 5  c m >  (0.1 mm) ( 3  mm> 
1 y r  avg. d a i l y  r a t e  0.2 0.6 0.3 
30-day maximum 25 7 5  37 
35 10 5 5 2  
y e a r l y  maximum 7 5  225 112 
c a r e e r  l i m i t  400 12000 6 0 0  
q u a r t e r l y  maximum 1 
a .  Pressure  Loss - The Space Tug Manned Volume, when u t i l i z e d ,  
s h a l l  be pro tec ted  from meteoroid impact damage which would r e s u l t  i n  
p r e s s u r e  l o s s  when subjec ted  t o  t h e  meteoroid f l u x  model a s  def ined  i n  
NASA TM X-64627. 
T e s t e s  
( 3  cm> 
0 .1  
13 
18 
38 
200 
b.  Funct iona l  C a p a b i l i t y  - The Space Tug s h a l l  provide pro tec-  
t i o n  a g a i n s t  l o s s  of f u n c t i o n a l  c a p a b i l i t y  of  s e l e c t e d  c r i t i c a l  i t e m s  
when subjec ted  t o  t h e  meteoroid f l u x  model a s  def ined  i n  NASA TM X-64627.  
The p r o b a b i l i t y  of no p e n e t r a t i o n  s h a l l  be assessed  on each i t e m  
dependent upon f u n c t i o n  c r i t i c a l i t y ,  
Table 2. R a d i a t i o n  Exposure L i m i t s  and Exposure Rate C o n s t r a i n t s  
f o r  Unit  Reference Risk 
NOTE: These exposure l i m i t s  and exposure r a t e  c o n s t r a i n t s  apply  t o  a l l  
sources  of  r a d i a t i o n  exposure.  I n  making t r a d e - o f f s  between manmade and 
n a t u r a l  sources  of  r a d i a t i o n ,  adequate allowance must be made f o r  t h e  
cont ingency of  unexpected exposure.  
May be allowed f o r  two consecut ive q u a r t e r s  followed by s i x  months of  
r e s t r i c t i o n  from f u r t h e r  exposure t o  m a i n t a i n  y e a r l y  l i m i t .  
1 
'These dose and dose r a t e  l i m i t s  a r e  a p p l i c a b l e  o n l y  where t h e  p o s s i b i l -  
i t y  of  ol igospermia and temporary i n f e r t i l i t y  a r e  t o  be avoided. For most 
manned space f l i g h t s ,  t h e  al lowable exposure accumulat ion t o  t h e  Germinal 
Epi the l ium (3 cm) w i l l  be t h e  s u b j e c t  of  a r i s k l g a i n  d e c i s i o n  f o r  p a r t i c u -  
l a r  programs , miss ions ,  and i n d i v i d u a l s  concerned. 
6 
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7 .O AS TRO DYN AMI C CONS TANTS 
The v a l u e s  given in S e c t i o n s  1 . 6  and 2 .7  of NASA TM X-64627 s h a l l  
be used, 
n 
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